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ABSTRACT 

How nan we construct a program that will understand stories that 
children would understand? By understand we mean the ability to answer 
questions about that Story, We are interested here With understanding 
natural language fn a very broad area. In particular how does one under 
stand stories about Infants? We propose a system which answers such 
questions by relating the story to background real world knowledge, V'e 
make use of the general model proposed by Eugene Cherniak in his Ph.D. 
thesis (Charniak 72). The model sets up expectations which can be used 
to help answer questions about the story. There is a set of routines 
called BASE-routines that correspond to our "real world knowledge' 1 and 
routines that are "put-in" which are called DEMONS that correspond to 
contextual information. Context can help to assign a particular meaning 
to ar, ambiguous word* or pronoun. 
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imfawts IN children stories - 

TONAS0 A MODEL OF NATURAL LANGUAGE COMPREHENSION 


Abstract 

How can we construct a program that will understand stories that 
children would understand? By understand we mean the ability to answer 
questions about that story. Lie are interested here with understanding 
natural language in a very broad area. In particular how does one under’ 
Stand stories about infants? We propose a system which answers such 
questions by relating the story to background real world knowledge. We 
make use of the general model proposed by Eugene Charniak in his Ph.D. 
thesis [Charniak 72), The model sets up expectations which can be used 
to help answer questions about the story. There Is a set of routines 
called BASE-routineS that correspond to our "real world know!edge“ and 
routines that are "put-in" which are called DEMONS that correspond to 
contextual information. Context can help to assign a particular meaning 
to an ambiguous word, or pronoun. 

The problem of formalizing our real world knowledge to fit into the 
model is the prime problem here. I discuss a first level attack oh 
formalizing the information about infants and then baby bottles. The 
contrast between the two leads me to suggest that the same methods can 
not be used successfully for both inanimate objects and animate objects. 
Finally I outline how a finite state model of infant behavior can be 
used to better understand infants in children stories. 
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Introduction: 


be are interested ii: creating a r.odel of infant 
behavior, Just ecu:: pi ox enough to allow us to understand 
references to infants in children stories, r ihere are: tve 
principal reasons why ue Iclltve it is useful to assemble 
such a Eodtrl or "micrc-v.orld" oi laiouletihe. 

1* Ihey are neeced to extend "language understanding" 
profprsrs like 1 . , . : inc£rnd''s* 

2. they nay serve as a starting point toward 

proposing hcv huran knowledge about such subjects 
is organised 7 particularly in children. 

Our feeline is that for this purpose infants tend indeed 
r.ost mi r sis) can le considered as n rany arirals in one 1,1 * 
Tiiat is., we con use a finite state r.odel in which at one tike 
he is a sleeper; in mother state a drinker; another an 
eater, etc* In the section on the relation of this thesis to 
other work ue will discuss briefly sons of the origins for 
such a nodel* In the following parts v;e shall discuss a 
general nodel for chilereh story ccrprEheurion and a firet 
attcent at f email zing infants and the related topic of "holy 
bottle*" I.'e will then indicate ti c direction in which our 





finite state not el vill 

Tht: purest- of this pepcr is to discuss ry efforts ;o 
formalize sene hnowledyc accut c particular sub:net, ] will 
use the framework of lu-^ene Charniah's rebel of children 
story cocprehersior (Chsmialt 72)* h. dolur 10 1 will also 
note certain extensions which in the very least will note i t 
easier to luild a children story comprehender* and which my 
in fact he necessary if ye want to cenprehent ^cnernl 
discourse* Initially I chcsc to attach tie probler cf 
understanding infants in children stories* Jjster I decided 
to work on Ea'ty Bottle for reasons which will Lecore olvious 
to the reaoer* Before describing my worn I vill briefly 
describe the Charniai; rcdel as 1 understand it* 
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IJ-k lotion to Other i.crh : 

Hie ii.-petus ftr this work sters Ltainl; fra: the work o f 
.Eugene Ck arrack, In Ms thesis (Ciamiak 12) he ik ccriber. a 
sod el directed toward undere tar dinf natural language in the 
children story context* Aside ±rcr. this ork* very little 
work has teen done In creating corrc.ter systems aired at 
understanding stories- host language vnderstaj-.dinf systems, 
SIR (R&rhflel &4), QP3 (Green 69) t and SIolDLU (hinograd r j1) do 
not deal with very tread universes. Winograd's is United to 
the world of toy blocks. hone of then unci, or stand very much 
at out things like husan rotivution or human desires. 

1 will not attempt to describe in detail or evaluate 
much of the work in Artificial Intelligence relating to 
language understanding. Tor these who would like to see such 
a discussion I can reccmend fcrinograd's payor (Uinograd 12} 
which contains a very good evaluation cf research in A-I, on 
natural language processing, serantics, and thecron nreving* 

Since our attack on natural language understanding is 
founded on the idea of working on children's stories first, 
we are concerned alout the knowledge that children have that 
allows then to understand sinple stories, Ihere is a va^t 
literature on ftUEfiil infancy (lessen TO) tut alir.est nctiling cn 
how children think about infants, or what facts they know* 
Piaget discusses what l.e believes children know about the 
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Mrth cf an infant (Piaget 6£j, Jut r:o one stems to get at 
what the mcrlelu are that children use ior understf nding 
Infant behavior* 

Several people have nice or used a finite state pooel to 
explain animal behavior (ucCulloch, Kilt er* blur.). In their 
work they postulate an integrated,, stable physiological 
pattern for each node of behavior, where each code generally 
su'osunes many particular kinds cf behavior. Their evidence 
for this model derives rainly iron neurcanatony, phylogenetic 
arguments, experiments with the reticular formation (severe 
damage, electrical stimulation, etc.) ethological and 
physiological arguments, The Lore recent work of Kilmer and 
KcLardy deals with how different acts are detsrainsd within 
the modes* They define "acts" as tr weH-EOtivated t 
species-typical, intrarodal "behaviors that are baaed on an 
animal's instincts but which are usually decided on partly as 
a function of reinforced past individual experience ,r (Kilrer 
12). Their hypothesis is that cne of the main functions of a 
secuor of the hippocampus in asimalB M is tc help select act 
decisions end activate them via signals over the 
precommissural fornix into the motor circuits of the medical 
forebrain bundle*" The model is aired at determining how a 
node and in turn a particular act are instituted. They do 
not seer tc he especially concerned with what the actual 
inodes and acts me, except in sc far els the totfl number must 
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l:e reader]aide fer their trade 1. 

Placet an d Infants in Children htories : 

Piaget is s, rich source of information on laMcr and the 
development of intelligence in the child, In his model 
children go through four stares of developcent* The first 
two of these are relevant here- They erei h sensori-motor 
(ages 0 to 2), and 2 * nre-operaticna! (ages 2 to 7)- These 
age brackets are not fundamental to his theory hut sisply 
approximate cuts* In the first sta^e the child learns to 
coordinate his actions vith what he perceives or with other 
actions and to use certain elementary schemata (sucking, 
following ctiects with his eyes, shaking)* In the second 
steg o the child learns to represent the world through symbols 
and signs tut is not at the level of concrete operations 
(idea of conservation of number, natter, weight, etc,), 

Piaget's work brings, out the fact that the behavior of 
babies change with time* The implication of sore oi his work 
is that a knowledge of the history ("life-history") of a 
child is necessary to understand the child at any particular 
tine* If this is true then it is hard to see how anyone 
could understand a child* The thing to note, I think, is 
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that the concept of p. "life-history" is important* This fact 
together with the fact that the state (determined b; very 
recent events) cf the child is ever chanpinf in Her that the 
ijrollee of understendinp dsccnrce afccnt infants or with 
infants in i l can only le solved in a ca ster which can handl e 
these- changes trie Understand "where the haty is at," he arc 
forced, in & e tcry understanding program,, to ucintain a 
history (recent events and not "life-history* 1 ) because one 
car. always ask questions of it like "How did the infant yet 
into the present state?" or "VJhot happened to the child 
before eome particular act occurred?" So although what v:e 
mean by "state 11 is a finite summary cf the history we are 
also forced to r.air-taln the history so that we can answer 
questions about it* It seers clear to rcc that in the 
ultimate understander states and histories will pity an 
important role- he could add a te^ or every assertion that 
indicates the state* In tone sense however, the set of 
currently active (AGSERled) lE^OLs is t.he state in the 
Cherniak eoqsI. Also much of the history type of information 
can be gotten fron the assertion nurderr which ore ordered in 
terii.s of input to the urderEbander, The Cl'.arniai: nodel does 
not hate state markers, hut tfey are a possible extension. 
This say he very Important if we car. show that we need 
alternative worlds existing in parallel* '.'e could then use 
such stete nark'ers. top-ether with & filtering' nechatlitP to 



distin.-i/js}’ various go— i:: in t i \'erl d?•• - 73’C not 5 on 
line, if properly develops*., r.f;y Trove sufficient 
nany problem.:;, like tenreo, hunger* saving etc. 


of r tire 
to 1 anti} c 



PLAtwEP 

Ibis chapter iz intended to provide enou-J information 
about the lanruaye HiAi'EER (fiei-.itt 1 !$, 72) sn that thP codes 
usee later will be unoerstuneable. /■ knowledge of Llfjp 
(McCarthy €2 , beiscran 67 s lino/rad 72) will prove hclpiul. 

For a better (more corplete) description of 
MlCPO-PIAK!‘iFRt the currently vorkinf subset of PLAlcEE, yep 
can see the NICEO-FLAI'FER reference manual (hussran et zlI. 
72)- PLAj'KFH is a procedural lanjrua.-^e oriented toward the 
accompli aliment of .reals which Etsy in tula be broken down into 
sufcpoals. In contract to other lanmayes, when a rod is 
activated in ITiAEEEF it can be satisfied by any one of s 
number of asseitions in the data base or by any nisr.ber of 
theorems. Theorems can be activated cr referenced Vv 
pattern and need not be called by name, £0 you do not have 

to explicitly call sore procedure, but you can simply allow 
the system to accomplish the desired -oo.l in vhst ever way it 
can* If a failure occurs as a result of sore decision, a 
backup facility is provided so that another possibility can 
be tried, 

(We have simplified sore notations* All MCF0—PIAIfkER 
functions start with n TH” but we will delete the n lh" in 
our presentation so that our KiCRO-FUiI'nER codes will te 
more readable * because of this decision iheie may be 
sOL.e cuestion as to whether a particular function is a 
LI£P function cr a FLA:, d IF function; we assure that the 
function is a HAKi.EF. ono unless v.e specif iedly noted 






otherwise .) 

Perhaps: tJ.e eb^iert way tc understand hour FLA Eli": vcrls 
is to look £t sons examples In the- font of c console oct-sior. 

The ri >" {greater than si pin) indicates r re: ponte tc so re 
line thfit Vf- tyj ed in* rrchil!ly tie aqat Las it i'us ctiqn in 
ASSERT- If we say 

(A33TPT (EAFhJEL JOBS [-3ARX) ) 

> ((i-iARBJED JO a: j:aj:i)} 

The system has put the Itec (KAKKIEE JOB! KART) into the data 
base. This iter is called s& assertion- 

The GCAL function can he usee, to see ii an assert!cn 
exists cr esn he- deduced. 


(GOAI (I APRILS JOB; I-iAEI ) ) 

> ((CARRIED JOB-; KART)) 

In tliis case the system has found the assertion in the data 
base, later we will set how the systfcE can deduce facts* If 
we asked it whether semeor* else, say Bill was rarried to 
11 ARY? 

(GOAL (KAEFJED SILL [ART),) 

. > jsh 

The response I<H means "false*', Dcaninp that It tonic net 
find that the assertion (jCAFRIED HILL ]L/.pl) was truo* 



tr 

The. language ham no la ic vice '« c - 

EIAEEIED, LIIL, Uf.7, etc, really r.canl 

nay 

(CSOAI (UEKIED ] .AEi JOKt )) 

> Jill 

Ve ]ciidw that if I. ART is Tarried to JOf!. r then JCJaK is 
married to hARI- ibis fact can be expressed i K c millR 
theorem. The COIIEE type theorem is used for establishing 
goals, CON EE stands for consequent thecreis. Ve could write 

(CCffiEE JiARFJAGEI () 

(LAKR1ED f.AET jem) 

(GCAJ. (NANFJED JCHN l.AKY) } 

> [jAFSIAGl!1 {defined and nssertec ) 

> (MAFEI/iCEl) 

(GOAL. (K/JStreD E/J.Y JOI20 ST) 

> (ear linn u.u Join:) 

So ijOl. we have a thcorei that states that if ue ’.rant to prq^ e 
(KAFJiXED IIAEY JOHN), try JCKh i-JffiY). bote that ve 

have added a second orf-umer.t to the GO/1, TDi aeons filter 
so that only these theorems that satisfy the criteria are 
tried* THE ineans always true, so we ’.ill try every tlvcorci: 
that matches the pattern, he could alternate!; have had ary 
LIST function cf ore argument in the Tine* of TEH- 
(TIL TEH) is used r.o citen, it is a'eLreviated t!. 


of what the eyr lols 
Tils is cj ear if te 


Since 



j?ov lets sty wc actor led 


It 


(assert ii’Miun cArr.y inii)) 

> (( j JjJIlIED CAria liU sh ) 3 
and ve aid £ 

(GOAL (l-AERXED rlXEj. CARRY )) 

> Eli 

This is because our marriage tbtorei is only invoice yten we 
want to prove (MAFJilED PAfY JCHY)* we can Hale the theorem 
general "by introducing variables. A variable is pretested Ly 
a «&?" to distinguish it f'roci literals* In our exposition we 
will abbreviate this convention by removing the Tl ^ ,f and using 
the ,r ?" only* When we write theorems that contain variables 
they rust be bound, so we r.ust declare the variables we are 
going to use. This is the purpose of the list following the 
thecren name* 

(COWfE MARRIAGES U l) 

UJAEKIED 77 7YJ 
(GCAL (PAFitlEL ?1 77 )) 

> (11J JEI1GK2 defined and asserted) 

> (LARRIAJGE2) 

(CCA1 (hAEHIED II1Q, CARRY) 

(TBP TKH)) 

> ((PARRIED illjn. GAF-RY)} 

The sy e ter. first chocks the data base and finds tint there is 
no assertion (MEI.IIB EHEi: GAFIY). 


next looks fer 
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theorems which r.atcl: the pattern [I.AIRIED EIXL. U UX) cr.d 
finds ;.hat the pattern cf iNJLMAGEZ matches with TA he if; «< t 
to ELLEE and 7i set to GAl.hr. She -cul (RALLIES n 'ill) is 

then executed at:. (GCAL (i. Aril EE' GAELIC OUi.)) which succeeds, 

because it is in the data tape. 

If there were napy theorems Hat iad the pattern 
(KAERIED TA 71) then the syr ter. would Keep trying tier, until 

one succeeded, be can also tell the sysiCE to try a 

particular theorex cr several particular theorems- 

(CCA1 (LAKEXEE ILLER CAMY ) 

(USE KARfilAGI^)) 

> (11AEKIED ELLEN GARFY) 


Stow that we have seen how to put assertion in the data 
base and how to define thtorers, v.e show how to fet rid of 
them. 


(ERASE (KARTIED GAEFY lliEN) ) 

> ((LAERIED CARPI ELLEN)) 

(COAX (LAREIES CARRY EIXTli}) 

> HU 

However if we did: 

(ERASE MAERIAQE1) 

> (hARTJAGEI ERASED) 

(ERASE I-iA.EKIA.GE2 ) 

> (CARRIAGES ERASES) 

( GOAL (LARRI ED I.ARY JOni:) $T ) 

> HI1 



(GOAJ 0 AEE1ED JOR] } 

(USE; ^ARMAGH?}) 

> ( MARRIED t-SAEY cl OKI-) 

This is true because when we erase (un-ncsert) e 
thecrera* what ive really ncan is removal of that theorem's 
pattern froir. the list of patterns available to be matched. 
However, the theorem still exists and can he called by name. 
So by define we me^n storing the thecren by name, and by 
assert ve mean storing ty pattern* 

So far only relevant iters appeared in the data base so 
that the ripht assertions were found at once* let us add 


(ASSERT (WASP lU.Ef)) 

> ((fcAEP ELlEri)) 

(ASSERT (MARRIED GARRY EIIH}) 

> ((PARRIED GAFitt! LTIEE)) 

(ASSERT MARRIAGES) 

> (MARRIAGES ASSERTED) 

Dur data base now contains the folio winy: 
'(MARRIED JOKK 1-iARI) 

{MARRIED CARET ELLEE) 

(WASP EHUO 
Theorem MARRIAGES 


Suppose we wanted to find a happy person and hat defined this 
to te sapeore who was married (this is purely hypothetical}. 
Ue could write the followinf theoreri 



(CGHII! HAPPY? (>: Y} 

(I'AIPj. ?XJ 

(goal J {f;/,rjiii d ?:■. n) #r) 

> (HAPPY? defined and asserted) 

> (HAPPY?) 

now if we did: 

{GOAI (BAFIY i-jAi.Y )j;i) 

> (HAPPY F’ARY) 

However, if we wanted a happy WASP ve eight uri to 

(PROG (?;) 

(COAL (rIAEPY ?X)!!:T) 

(GOAL (WASP ?X) ) ) 

> ( wasp run) 


The PECG acts like an AFT function so that the procedure 
succeeds only if every term in satisfied* 


Now 

what happens? The s 

yr ten 

fii’st searches its 

cats. 

base for 

soreone who in happy. 

lot 

's &ay, for instance, 

that 

it finds 

i J CHI! before ElI.Eb'* 

The 

goal (fcAHJHK) ?:• ?Y) 

will 


succeed assigning to ?>! JOHN;, now the (HAIFY '}}[) succeeds, 
and the PFCG proceeds to the new foal of ('.."ASF JCri?) which 
fails because there is no such assertion in the data "case or 
applicable theorem* Cn failure the srster i^clcs up to the 
last decision point, which vas the choice of JuOf for bindir.^ 
to ?X in the parried assertion- The eysten then tries 
another item that will natch. This is like ftsinf down 
another branch in a tree. At sere point f'UEi.' will be ricked 
up ly using the KA7iT.IAGl -2 theorem* In this case by unir.x- the 
thecrer J-AFPIACEP to deduce thst (hAlJYLED hi 1 17 , GAPPY) and 
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ther the theorer IIAli'Y? to deduce (IIj'lIOI KLT.lv')* 

So ?X is bound to LI!. and tie .pool (LAjpY I Tin) 
succeeds- Low the ^osl (i-.YSp fill'd) is tried one succeeds 
since it it in the enta tree. Our TIOC rucceedr returnin'- 
the value of the last COAL, namely {l'A31 ELFEP)- 

Kote that if the data base Contains very many 
assertions, the time to search ior one then we to a COAI nay 
grow, end eight become too greet, More seriously, we Eight 
need to do sotc costly ccn putat ions in order to c educe 
(generate) certain assertions and since ve ray not really 
need any or all of then it unites ser.se to wait and SCO if ue 
really r.eed thfif* There is also tie possibility that are 
working with infinite or necrly infinite sets and votild not 
want to waste tine and storage by entering any assertions 
before v:e need them* Ve would therefore not want to assert 
facts that are not very important cr are not used frequent] y 
or are too many or very costly to deduce.* In other words, v:e 
can nake a decision as tc whether v:e wont to deduce c 
particular assertion every time ve need it* or deduce it the 
first time we need it end then put it in the data base, or 
have it in the data case when we begin, £ucb decisions ray 
depend cn tie problem area and the task of the program, In 
ny work I might assert foots like {IS EIII.Y HUi'GRY), but 
would not put in facts like (kUAniTi'-OI-l-.OkFi ITEI’KY), 
(^UAi^TITY-OI-I-lGhEY IItlE:), etc. l r e have seen an exarple whore 



v. r e avoided assert In- Kany iters by usjny a consty ucr.t 
theorem The consequent tbeoror II/.ITY? above, vug mod to 
avoid at.sertiny that every L-nrrjed person it har-py. 

V.’e have scon hot; the CORSE U.eorcr. is ir.voj'Cd ul.tn ve 
are try lay to dc a GOAL, and the. assertion isn't in the data 
bane. Now lets see what can happen when 'ije rale an 
assertion* That is we can decide that we varit to add one or 
more assertione to the cats base because a part icular 
assertion is nade* he use antecedent theorems to do this. 
1+ has a pattern like the consequent theorem and is invoked 
when ah assertion is trade that matches this pattern* let us 
write a theorem which will assert that a person is unhappy if 
he is hunyry* 


(AiRTE EESbFLT^QT—KUIIGHI 


> 

> 


, U) , 

(is ?;; Eia-cnr) 

(ASSIST (IS ?X UlKAFPY)) 
EJSUtLi-QF-BUKGRY defined and 
RFSUL T-OF-HUKC-HY) 


asserted] 


how if we input 


(ASSERT (IS BILLY HliftGRT) $T ) 

>({IS SIILY hUEGLY)) 

We Will find (IS EIIU III}:AIRY) ia in our data *s S e. 

(GOAL (IE EIIXY LITHATPY)) 

> ((IS BIJXY LilTKAEPYJ) 



\ e v;il2 sec later that ouj "UlhOhs' 1 c .re antecedent theorem 
because the;, art. rz'cceuuren which are run as a resuj t oi core 
new assertion. 

Finally in this short description i-.g note the ]ast tjre 
of theorem, called. HiASUlC. It is invoice as a result cf the 
erasing of an iter whose pattern ratchet: that ol the theorer, 


(BRASIKG UNMARRIED {X \) 

(hAEXIED 71 ?Y) 

(AESEE7 (L'h’HAYFY ?X J) 

(AESEflT (LTHAIPY ?Y)) 

> {till J AEl. IEIi defined end asstrtec) 

> (UJtf&KElED) 

(ZEAZE {fcARFJED GAET.I ETUZJ-:)W >) 

> ffUIJHAIPT GAFlRI )) 

> { ( UvEAJPY ELLEN)) 


l,hat has happened is that the act of eraein." the assertion 
([lArllEh GAILY ELLEN) has caused the theorer UlTLOTIED to he 
run, then we entered that theorem 7X was hound to GATJ.Y and 
Tl to niEU, so that, the t\ o UKITAPTY assertions: resulted as 
shown above- 
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ii lO Chfri n j rl. fo r f.tci. 


In (Chairtiak 'iT), !•;* Cl-aru hob outlines' a --src posed 

computer prcgrai tliat bts the task cf us^erctantin^ chi 2dr era 
stories- Altiioi^h ly ri Linders ve ntan having cubs tsntial 

ability to answer questions, this rebel does not wait until a 


question is aeJxd but procec-oes assertion by acsertion, i'hr.t 
is, as each new sentence is ijipnt to the ays tea, it attests 
to generate, and answer Ter itself., the hinds of quest ions 
most likely to be asked by a person decking to see i± the 
story was understood. It attempts to answer such questions 
by relating the story to taekfround knowledge of the real 
world, in rany cases nr event at an earlier part in the 
story can set up "expectations' 1 that rake it practical to 
understand later events without enormous logical (et.q 
not-very-logical) calculations. These expectations are 
iupltEented try invoking procedures (called TKECT.E =5 in 
ITiAlLZH, and DEiGhs by Charuiak) which, look for what is 
likely to occur on the bat is of what has occurred in the 


story to that point, A typical story fragment right he: 


Daddy was going to the hospital, 

Daddy said, "bother is going to give birth soon 
and we will have a new baby 41 . 



Typical questions one niplit ash arc: 

Uty is Ladd; go 1 ny to the hospital? 

V.’Jio is r^inf to have a baby? 

Is Mother likely to bn fit tie jr.espital? 



It is important to realize that the story does not explicitly 
answer these questions* The story dooE not say for instance 
* f Dadtiy was going to the hospital tecavse hotter was there 
having a baby"* Even to answer very simple questions about 
fairly simple stories cur model must laiOW facts about the 
world* In the example above for instance, it must hnoi.i 

Eabies are usually born in a hospital* 

One visits close relatives then they are in the hospital* 

If a person is roiii^ 1 to "give birth 1 ' then her family will 
Tl bave rr a nov; baby. 

One will 50 to the hospital either to visit or to be a patient* 
and so forth* 

The model is claimed to to a aysten which contains such 
general information in a form which cor, he applied 
automatically to particular stories* One very important 
feature of this ncael is that it lias the ability to nrdie 
deductions based cn assumptions and if these as suit.]: cions 
prove incorrect, it goes bach and undoes the things that were 
done because of it* That is, if ue are told, after reading 
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the previous, story (above), tl.at "bother was coring ho: c 
tomorrow", we would cussurc that the be by was Lorn unu 
protably coring iioer.e too* We would then make infprencf.fi 
based on these ussurpticnE* However , if we are told Inter in 
the story that the baly died we t.oulo have to- go tael: a™! 
undo the work that we did subject to these assumptions* 

Charniak puts forth the following question as- a way to 
361 at the focus of his thesis t 11 Low does a sentence reanV" 
Given the focus determined by this question we now are iri a 
position to exam ins Char dial's nodel. In the pest it was 
custoiEary to think about such prchlers as icing roughly 
divided into three fire&si 


Syntax 

Semantics 

Inference 

It must be noted that this is not a hard and fast 
distinction, but a first level divison of the problem In the 
very least; it is never dear where the boundary should be. 



Focus of the hotel 


Cherniak points out rifhtly, I think, that of the three, 
inference is the Erection which is "tost in the dark.“ 'It 
seers clear to re that our initial problCE, "construct a 
model which contains 'real, world knowledge' 11 will fall under 
the heading of inference*' Fiirthemore;, inference is 
necessary to resolve problems in areas ether tlian "real world 
knowledge*, i-e- resolving certain reference problems- In 
fact much of the discussion in his thesis in about problems 
of reference. The conclusion is still that we must be most 
concerned about the inference problem. 

Internal Rome son tat ion or \ hat *5 Ovr Inaut 

The easiest way to yive an idea of how stories and 
knowledge are represented in the Cherniak model irimht he to 
say that it is n half-way between English and Predicate 
Calculus-' 1 This is not very useful or accurate, but we do not 
want to describe the infernal representation (hereafter 
called Ik) used- Ue would, hoover, like to cccment upon it, 
be assure that the input bar already been processed into t3:e 
1R* Although this assumption ns;/ be necessary at this tire 
to limit the scope, it by no means is a "trivial" process!no 
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prnlln.,.„ There has 'been no study of how our Ik cncyarof with 
anything that, c huran r.iyht have or use* cr fer tl at mttcr 
how humns process lanfua^e at all- One nay ash to what 

extent ho human r do it that vay? There is no reason to thirl: 
it close to the actual processing hUEOns do \ it is not on 
attempt at coynitivc simulation* Humanoid cr net* we presurc 
that it is adequate* Die really important things atout an IR 
are that it is rich? reasonable, oriented fer werkimy within 
the system, and doesn't cheat by doiny all cf this interestin'’ 
work. It allows us to express fuzzy relationships and yet 
Units the nutter of ways a fact car t-E expressed to r 
reasonable number. IE is well suited for a FLA] THE based 

System and is reasonable. 

The Node! end P1A1TTFR 

The Charniok rodel is civideo into y^rts: 
HASI-routiues, LEMOJKS, f OOK-KEET IKC-rou tines, and 

FACWirEEFE- The lASE-routines are ILARfER AKTECEDEEI 
THHCi2E-;e, They represonl the world idiovledce needed to 
understand a story independent of context, that is, they are 
always there (asserted)* hlfOhf arc also AXTECfHEfl THFOEEl.s 
hut they represent knowledge pained fror carteat. The; ray 
he "put-in" (asserted) bn- the E> HI-routines. cr currently 



active EElOl.n 


7S 

£.£■ f; result of car,text* I bCl-PIl EJf:s rre 
invoked when we want tr prcve an assertion that rrtches its 
pattern- J'oai colly they arc uc ed to establish facts unith 
arc- □ of para tive-ly ur in: art: a t * I'i tkoi t llSVi ny 3TAC r i-P'l 3' Di ] s 
the nun ter of assertions in the ds.tr rare would be very rrer.t 
because %'e would explicitly have to assert rany things (i.c. 
milk is food* juice is food* etc. and penny is nopey, nickel 
is tioncy T etc-) The BOOI'-KEEl-IKG part, does chat its mire 
implies. They Eust fiyure cut updates, senetimeo with tic 
help of other sections* Charniaic shows that the ordering of 
these parts is ireportnut - -he flow of control is: 

1) Apply sim tax an d reran tics to yet sentence into 
assertion ferrat 

*) PIace assertions on the TO-BE-jXkf list 

3) Apply DEKCKs and 1 AEE-KGUTIkls in that order to 
each entry, if a new assertion is yencrated place 
it On the TO^EB-EONE list 

4) Go through TC-EIr-LOKB list and apply strong 
occurrence rule and ECGKKEEPIEG 

Apply second part of EASE, 
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Alt hour^s the Cbarniab model user: iany features of 
FLA IIIEK and mucr. of the hnovledfe i.c tr; to formalize appears 
as 5-JIC1.0 “PTASIj-JJtl lihe theorem, it dote net adhere strictly 
to the lapruape an described In Sucenan, ct. al. (1£71)* 
The fact of the natter is that as written here., end in tic 
Charniah thesis, poet of the theorems would not verb neper]y 
until prograiunirE dances are tade in hlCr.C-HAIO'R. Such 
modifications, though time consuming, i. r ill not he very 
difficult* While v.e eg rot want to re excessively end 
unnecessarily pedantic, we should, however, note some of the 
problem areas. One illustration is the way in which IfhCfs 
are deactivated (erased). The statement (LEETF.UCT? ?EOI£] 
is supposed to deactivate the EEL; Oh in which it accorns if 
the assertion number which is pointed at by IIOil. has been 
updated (is no lender true or has "been erased)* This raises 
protle: a with variable binding &r.u the failure mechanisms 
that HiAKl'iEF uses- It rust also be pointed out here that 1 
use several predicates, as does Charniab, that are not part 
of HAULER lut which must be there for cur theorems to work* 
ASSERT and IUT“U( are two of them* ASfLRf for instance, must 
1} create the assertion mm ter, 2) put a HEI.—A cn the 

assertion, 3) place the assertion on the TO—EE-EOIIT list, end 
4) issue an ASSERT* 



so 

A rirst I.nol: at lnff u i t 

The initial inrii I attempted wac tc write 10 c .01 : c for 
understanding; inf.rir.ts iis tie context cf the Ci .arni ak t odd - 
The first thing I did was to fool: at several stories that 
were either about infante or had then in then* fror. this 
experience, plus the knowledge paired by talking with three 
children, £ges 2, G, and £* and with ry wife's help, I 
produced the following surinary cf the knowledge that I think 
children have alout infants: 


Infants ore happy-to sleep nost of the tire, 
which they do either in a crib, bassinet, or 
any confertable and "safe" place (bother's 
arrs). Uhen they are not sleeping they are 
either play inf-, eating, or relieving their 
bodily functions (described by children with 
euphenisos. like: poo-poo, otnny, wee—wee, 
etc*)* Infants usually wear diapers because 
they don't control their l-cdy nq-venents very 
well- Dad or Mother oust chsnge the oiarer 
after this happens. Excrement causes 
irritation which leads to pain and till thus 
cause crying* Lacies also have all cf the 
eoEEOn characteristics we attribute to cost, 
hurans (i-c* 2 anas, 2 legs, 2 eyes, 10 
fingers, etc,), except they are 
proportionally speller. Their size being 
bi i-ghia' than a liny Tears doll (or any snail 
doll for that cutter) an & dialler than a 
large stuffed nnjral. Infants ore w ne¥ B 
(although not necessarily improved) so they 
can not do nary cf the things that ole ejr 
hurar.E do* That is, the;- don't know how to 
walk, tali:, play with nopt pares, or dyecc, 
wash, or feed tier selves- Infants cry ui.cn 
hungry* Crying has been shewn to te 
inhibited both by seeding rnd iy nonnutritive 





sucking* ±ou cej n reduce crying by kojding tv 
b&ly cr by sux^ ia^ a continuous suaitcry 
stimulation (tinging a lullaby). Toting 
inlentf art burped alter feeairg, this is to 
tri ng u: ed :ur tb.ru ;,• j ;u i nl:e ;] n 

while 1 ceding* Tc burp, Lola the tato. over 
vovr shoulder £ind pat it cn the coot f c-ntl;;. 
They are fed liquic food (usually : ill. or a 
f oI-EillU; in t bottle or from a r.ctkei-^s 
"breast- then the;. : get a little cider they 
neve up to sc ft foods called "baby food." 
Uhtn lit tic , they cot frequently and at 
regular Intervals* '-.ilk or fornula rust he 
warmed to tales the chill off* l/.hicn the teby 
starts cutting teeth, called teething* the 
baby gets cranky and cries easily due to its 
guns being tender and sore. lab;- is washed 
by nether in a layette or spaU tub possibly 
with the help of older children or lather* 
Infants are tec- little tc splash and play 
with toys when thc^ bathe as older children 
often <io- Infants' shin are very tender so 
they are oiled and powdered. This is dene 
after a bath end is accomplished by 
sprinkling a littDe cn and rubbing it in 
"very" gently* They feel stall and. soft* and 
they are therefore "nice" to hold, but they 
wiggle a let sc you must be very careiul or 
they may fall* Cropping a baby is considered 
"bad form" and can be very serious, as ere 
Other actions that cause bain. Pinching, 


hitting, pushing, arid kicking are some of the 
ways in which you can hurt a baby* If you 
intentionally hurt a baby then that is reason 
for your being reprimanded. There are other 
ways cf causing a baby to cry, like making a 
loud noise, tailing away sore thing it thinks 
it owns, or frightening the laby by holding 
it the wrong way- Very young infants grab 
onto things like your finger or eyeglasses 
and snile at you. They make sounds when 
harpy, like gcc-goo* They are aisc highly 
susceptible to diseases sc you punt stay away 
from them when you are sick* babies need a' 
lot of attention iron parents, causing other 
oleer children to feel "out of it." and thus 
to becone ;saleus. This ^oalcus reaction is 
also esusec by the fact that t-aly is not 
responsible fer itt actions and thereiore is 



not purl shod for the sane thiii-r that an 
older chilli rai^ht be rung shed for, Babies 
don't always know vhat in lad for then to you 
must watch ther. This aprenre. to the older 
child to be "uni air* 1 treat rent. Another 
cause for host Hi tv is the fact that people 
hrin£ presents to the new baby and not to the 
older children* bavin- a baly fa a "Joyous 
Event" and is usually coletratid* Mother has 
to yo to the hospital to have the baby. 
Pregnancy precedes yiviiup birth. 


The arount of information here is considerable larger 
and acre complex than the knowledge about objects like Di/rry 
bank or baby bottle* J-.uch of the information is of- the form 

of Tl babies can not _ ", This implies that children have 

a £-ood idea of what they their sc Ives can do* keny cf the 
stories are based on "cim not dc M sort of facts and cany are 
centered around the ways in which & baby acts differently 
from "us 11 (children), he can rot use the information in the 
form that it is above. It is not clear at all how we would 
use a fact like "Babies feel snail and soft." I have only 
been able to formalize a small subset of the facts above* 
The task cf forma], izins all of it in the context of 
Chamiak's siodel ray in fact be very difficult, I will 
present uliat little I have cone here and then neve cn to baby 


bottle 
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Suppose ue are riven: 


(1,1) Baby was hungry, Mother pave him his bottle. 


At this point one might ask what Mother was dolr! 1- tc the taty 
when she gave him his tot tie* This suspects that when we 
enter cur LAST base routine we went to cheek if the taty 
needs food or is hungry and assert the intention is to ref 
food. Alternatively we could have hsd: 


(i,£) Mother gave the baby his lot tie* The baby van ts rillt* 


In (1) ue don't find the need until after the -ive fcaty 
statement. This irplies that we want a LEf-jOI- locking for 
"give lead 11 * 

The der.on should Icolt something like: 


(Ai:iE BABMIVE-FOOE 

('NCLD LABY T V. IEE1 FCOI) 

f TiiOLD is specified to the assertion number of 
; the baby hungry assertion, 7EAEY is Gratified 
; as the person given food, 

: is the person giving, 

T Tfl is the tense, and FOCD is either food or bottle 
(?n GIVE ?TK ST ?i"EE1 7EABJ 7;'COD) 

;thie is the rattern re iratch 
(EESTEUCT? TkCLD) 
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(cr/il, (IS IF. Ej ?E/iii JAiS)) 

surf that TTAJiY is inoet.d a batr■ 

(or 

(GOAL (IS ? SI 7TCOL ] AEY-1 i;CL )) 

(lOUAl TiCOT' 'DOTTLE) ) 

{food nuEi be either l'xb'- r f cod or a bet tic 
(AESERl (? i^VL Pi: ST "LEDI ID)) 

; after writing this EFM3E and DEi-.CTs 
;}or If, 1 found that the 
; "have i]E‘ r assertion above was needed 
(ASSEK3 (711 EFED VT1 1 [I 1 71EE1 7LA1Y)) 

(ACSERi (7 EEAPOE ?U1 7IOLI )) 

(AOSERI (7 DOda-mH 711 71COD)) 

;assert Is sir.ilnr to the ELAOiER AEEfET 
;hore we are raying tint IEE1 feeds SABI with 
,iood ECGL (i.e* food or bottle) end that 
;the reason for feeding is the hungry assertion* 


It should be noted, about the above DEMCr, that there is sore 
question no to whether i. r c should have the FEET assertion in 
it, or use sore PACT I'lIHFE to deduce this inforration as 
needed- It seers that in (1-1) the author of the story is 
telling us that fr Baty was hungry 11 caused, 11 bother to five hir.i 
his bottle 11 , whereas' in the second case (1.2) be is saying 
that "Echy wants milk" is on T| explanation' 1 for "bother rave 
the baby his bottle*” This Suggests that if we haven't seen a 
” causefor sore action, then we should Ieoh ahead a little 
for an "explanation-" 

Initially we svg.geetod that MIY base 1 ook for a person 
needing food and then asserting state) er.te a.:out how being 
given a bottle cr food fitted into the goal- In fact this is 
what the DU]OK does. however it write for the ,! -ivc ,r 
statement* he can use the technique the t Gharr i ah or.Us 
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LODK-L'ACK to burdl t ti: e two cases* rarely w cm ■ first rail; a 
{jOAI out of the DEhG's pattern rad toe COAJ on it. If there 
is f. match in the data cnr.c. r then tli.it DEFOE is arplifd to 
the aaeerticn, 

jet us write another DEKCE, thic tiro related to ti c 
fact that a bat# nerds, to bo watched. 


(1,5) "I'm £ 11 slone at bore/ 1 Jack thought, 
,r I have to watch Sally* n 
He could ask several questions 1ike: 


(1*0 Csn Jack £Q out? 

(1*5) Vhjr r,ust Jack watch Sally? 
(1,6a) '-.'here is Sally? 

(l*fcb) Is Jack really alone? 


The first attempt looked sorethins like this 


(ASTIE EABY-J: EEElT-HATCd JFC 
(NCXIj IER 1ABY 1 U) 

S?kQIX is specified to the assertion nuettr or 
; the 11 only one at hope ,r assertion, ?PhR is 
;specifiec to the person v. r ho is hone, and ?EAIY 
jto the baHv 

(?r; LUST PE ST WATCH TIER 7 BABY) 

jthis is the rat tern ve Efttch 
(rESTT.UCT? ?KCLD) 

(COAL {? IE PF ST 7PZ.Fi i’AIY)) 

;rake sure variable 7LAPY is indeed an infant 
(U—liEED (7171 EEED-TO-II PF. UA7CEEH lEFAJTTE.} 
jif it iiae not already teen resorted 
; then assert that 
;an infant oust he oa tehee 
fAESEEl (? liEAECti TlI Till)) 

(AEEEE7 (? EEAEOK 7LC1L ?i;) ) 



baby 1 b tht above case , 


Tliis. EO.OK says that I- Sally is a 
then she needs -to be watched and that JACIC rest catch her, 
"The system rust be smart cnouyh to la:ou that anti; is net 
really alone* but rears tjst be tad the bah; together are 
alone* It also asserts that he must Ufiteh her beeruse he is 
the only one wlio can watch her at hoist {i.e. babies can't, 
watch themselves]* however there Is a problem with this 
IrEMCN, if we were riven 

(1*7) Kcm left ve here with the bata* 

n.£) David cane ty and ashed, "bill you coi.e out and play? 11 
(1*S) I said, "I have to watch the baby . lr 

Ve need sons way to indicate that the rnest,ion was answered 
in the negative and thus we nov: laiow that I a), not yoiny to 
play. outside one the reason why I am not ^oiuy is that tr _ 
must watch the laty". Also, we thy not have an solicit 
question but an implied one, that is, we could replace ("1 *E) 
above by 

(1*10) Jin and l.ary came by rand said, 

"Vie fre fein?; to the beach - fr 

To handle cases libe this. I first propose the predicate 
PKHV-C \J— I i-TFL which returns the assertion number oi the 
previous question or irplied question* he tJ.en ash whether 
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the ns-c'tiv*. is it. r.-lic u h- tie 'I :. ust watch the tsV-- 1J 

■ i 1 

assertion* ihtn ii we succeed we car awsei t t.-at the rnz\-x .r 
to the question is no are that the reuton is s cue thing Ilho 
Eta-teueijt (1-5) or in tlie case of an irplied question we cr£u 
assert that Jaci, will net dc diet is implied an<. till t we iuicw 
this because of Lefore we look at our new DElQi; 1 

would propose another addition that allows us to r:ctc3: or an 
QRed pattern sc we will notch on any of (1.11) - (1,13)* 

There in a strong case for representing fr l.as tc" end Tl ].ust" 
by the sane symbol in Dvr 13. because they r.sy U sufficiently 
close in nearing* Jiy personal feeling is that T| rjust lf is 
stronger than "has to", so I leave then as separate entities 
in the IE- A third alternative would be to represent them iy 
the sajdoc symbol lut also associate a tag indicating decree of 
need* In the case of "watch 11 and "stay with" it seems that 
ve have good reasons why we would not want tc represent their 
by the same symbol in cur IE- lor tKsaple and 

(1*13*2) mean very different things* "Stay with" has the 
property that its meaning depones on tie relationship (ape cr 
relative degree of responsibility) between the subject and 
object (see (1.12) - (1,13-4) )* 

1 1*11) Lavic has to watch Gully. 

1*12) lav id has to stay with Sally, 

1-13) lavid must stay with Sully.' 

1*13*1) I had to watch Grandmother. 

1*13*2j I had to stay with Grandmother. 



(1.1' *3) GrrndF. ether hat to star with el. 

(1.13* ) 1 iiad to slay vith ny irieud Jiar.y until j.other ccac. 


how let's look at olt DFj-.OI 


(Ah! E EAEY-E EEH-KATCKli. C2 

(KCL13 I EE 1APY 3; LI 1:2 Ti TYPE COV IMP) 

;?l'iQLL is specified tc the assertion number of 
;the "Only <zm. at hone:" assertion, 7PJ1T is 
,specified to the person who is hccej ana VBAli 
;to the baby 

(?r: ($F L ?thp (ck 'lust 'has-tc)) pi: st 

Cf-B ?COV (OH % ! ATCH *SIAi-KITK)) r £pEF 7BAIY) 
;this is the pattern we natch 
(EEB1EUCI? tliOLD) 

(GOAL (7 IE PR ST 7EALY EAIY)) 

jrake sure variable 71AEY is indeed an infant 
(IT—KEED (7in IZED-TC—IE TP ST t'ATCEED lUPAHTSj 
?if it has not already been 
^a&serted then assert that 
;an infant must he watched 
(AE5ER1 (? REAEOT ?K ?L1)) 

(AESEP1 {? EEAEOtf 7J-IGLE ?t) ) 

(SETS 7L2 (PRLY-CU-IKPL 71?)} 

(carp ((IKPLY Zi2 710 

{COD (( EOUAL 7TYPE 'CLj (ASSET! (71o 

(akskef: ?E2 'no)))} 

(t {ASSET! (7E3 

?PKR 'KILL 'led' Vh2)))) 
(ASSERT (SEASGK ?iO ?!■:)) ) 

(T (SUCCEEL))) 

J 


Let us now loot at a sinple DEtJCtf which is used 
.generally, that is it will he asserted by nany Vases. In the 
baby base we want to handle the fact that bothers have babies 
at a hospital. Any other reason for beinr at a hospital, we 
presume, uc-uld put-in such a LET-.01,* h'e rust rake the nare 
unique on each "Pvt-in" so the assertion that triyyered the 
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lost vd 11 be part of the nare. The lilt ,03! will ] pok sortthing 
like thie 


(/J 


, r TE A r i-H0£FrNCLD 


(HOLD IEF TEI EC3P) 

;?ilQLL is stieciiitd to the hove baby assertion 
jin this case, ?FiP it bound to the person bavin" 
;the batyt and 7HC2F is a hosrita!*. 
l?Z AT ?TN ST ?PE17 ?H0SF) 

(33HSTRLJCT? Tv.CjTi) 

(GCAL (7 IS 7HGSP HOSPITAL}) 

f Chech to see if E0KP is indeed a hospital 
(ASSERT (7 REASON 71 OLE 710) 

jassert that the reason for being at the hasp tsl 
Os having a baby (in this case). 


We have nade Certain ass urn nt ions about the Vsbv lose which if 
untrue will cause problems* l/t nay have the following case: 


(1.14) te were having a baby- 
( 1 - 15 ) Isd went to the hospital. 

The Tirol ley. here is that a nerber of a fondly can "have a 
baby" rcaning that the Mother in that far.ily is bavin" the 
baby* The baby base is going to have to handle this 
problem. In the above ease we want to say that Pad is going 
to the hospital to visit Mother (a less reasonable reply 
would be that Mother is having a baby), I foe] that we enust 
be able to five both answers if the Questioner presses. This 
brings up one of the problems 1 faced; very often T sir. net 
sure what the correct answer to a cuestion is, and in fact 
feel that tore than one is appropriate- Cf course, at this 



time we would lit very heppy to J_nve a s; a ter th?t crul<l '-ivc 
any answer that was correct, 

1 would row like to £3 sours rovers] I-ACT-11 imLl.c 

(hereafter siinp3y IT) that rJphl prove useful, In the first 
case the toby Lose Eiuet hc.ve cone vs; to tell whether r 
person b&s had a Toby or tore sirrly whether "they 17 have a 
toby. It ffii.aht use a n thet would tell whether sore word or 
.nroup of words is a toby inti cat or. The proprSN would look 
something like this: 


(COTSE lABY-IK^-n' 

(BABY) 

{ 7E AEY BABI'-INI. ICAIOE) 

jthis is the pattern we natch 
(CCKIj ((GCAL (? IE FR IT TLADj E/lEY)) 

?checl: to see if ve have on assertion in the 

;data base that says that 

j?EATY is a to.bv (i„e, "Jin is a taty 11 ] 

((EQUAL 7F-AEY 'MEY» 

EQUAL ?IABY 'CHILD 5) 

{[EQUAL ?LAEY 'K?± )) 

{{EQUAL ?IABY 'llH, ) 

(EQUAL ?I,AEY jiEl -KEKEER)) 

((EQUAL 7JAPY 'EEl-ADEXTlcr)) 

ffBQU/L ?IABY 'ULESSEL-EVEirrj) 

Hifi all of the above esses we would 
;win if were looking 

;fcr someth!nr like "Aether toe TBALY' 1 * 


This if would allow the toby toee to check whether 
sort one had a toby ly looking for (? HAVE 7He ?tyre prove on 
?EAIY) as its pattern, and by then deinp a (GCAL f ?LAIY 
EABI—IlflTCAlOE)). Of course in reality it is not all that 
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cirrls, tl _ >r hrsF I'UPt net allow u ).Ti\* Jones h a r.t.w 
menter* 14 or "I have - r.Ice ley, he 'c 2?. years old". It r.urt 
rise know that If ,r Grincrrthei hnr a new Crurcchild", then 
*'Pother has hud t ncu It would therefore V.e 

reasonable to have £ JI that laitv at out fanily relrtioushirs 
{a nini-thecry of relations)* That, is, a routine ttiat would 
allow ue to prove that "David has a new brother or sister", 
if all we know is that n lavid / s Mother ,juEnt had ft ta by (l * 
Such a TF will have to he written, I believe. 

let's look at another IT, Suppose ue want to knew 
whether some person has Ted another person, be Eiirht write: 

(CGISE FERSCIJ-IOT-T1' 

(pm per2 Hv tood) 

(?] TIED ?TM ST TPTIil TPEEZ) 

;this In the rattern we netoh 
(GCAL (? GIVE ?TM IT 7IJZF-1 PER2 (IP 7TCCD 

(IS-CEJ (?TYIE TTOD) (SOIT)))}) 

\we want to look for person! 
iriviri' nersonS sods food 

} 

The decision as to whether to have such a TT depends on 
whether one wants the PEED assertion (the information in the 
data base), Cf course cjie rifht require FTTSCI'-TITD-TT to 
require the victii to be hmiyry, tut ncjiy stories don't 
usually bother to rent ion this, Perhaps the "tiEe-linc" idJl 
venerate hur.yer after a while or better yet our DKiQks for 
"hunger 71 will telrg. care of check ir.r; fooc ccnsur ptien mid. 
activity to see if e. person is hungry when it is ashed. 
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There is a m^or Trob^en with this L£t-jOi. p steely, we 
night have "Ellen i:as going to the circus cud wanted tc feed 
the elephants*" / "bother pave Elen rone peciwti ] i is 
clear that in this case ho tiler is net feeding Him peanuts 
but giving then to her so she can feed the elephants. To 
take ctLre of cases like this we can fccuify our THX-IT. he 
will work cu the assumption that things like "going tc the 
circus to feed the elephants" will put in DELOIis that will 
assert that "Ellen was given the food (peanuts) as a result 
of wanting to feed the fcoc to the aniii&ls* Cur r.eu IE'' now 
looks like this: 


(CQTSE TERSC^-ITED-IT-E 

(PEE1 IER2 TIT TCOD II ill) 

(71, ZEED 7IR ST 7PI11 ??£R2) 

I this is the pattern v.e natch 
(GCAi (?ill GIVE ?TL ST 7?EI1 ?fEE2 (CT ?KCD 

(IS-CEJ (7TY1E TC CD) (SQi-TE ) )) ) ) 
;ve are looking for persor.l giving 
!person 2 some foci 
(IXT (COAL (? lESULT 711 ?))) 

;we dc not want to find that the food 
;-L.as fiveri for another reason,. 


This discussion of feeding leads to the' last DELOS 1 
wrote pertaining directly wo babies* Our first IEI-1Q1 ^aid 
that if we Imow that £ baby is hungry then loci: for scnegj.e 
giving him food and assert that the tab;- got the ford because 
it was hungry* Lew I would like to tsarins the case where 
"Eaty is hungry" asserts the feed statement, pi'ts-in 



(assert, ) the Jd/XJ-elVJ.-jrrjC-i. 


II LOU, anti putn the Url;; ii.to r. 
nenativt state, ho Li .-.lit then iai:e this ti.c ^atte.rn of 
proposed HEr.ORs likfc LALt—CrY, 1AEY— i All"— 1CI3E, etc.. 1 feel 
that creating this Tl ne^—state:" is useful lecause there 

are marjr cases where tie rt&sci. for the b&Ly's tirconfer! is 
unimportant and the baby's state is really the hey, feu let 
us look at the i'AEY-KUuCF; Y-EEKGI. which us have written: 


(AlilE RAEY-KUKGF.I 

(NCLD EASY 17 i'COD hi 1.2 (PER 'SOI-IIOIT)) 

(?L IS ?IN ST VBAEY tH] GRY) 

(EFSTRLCT? TTtO) 

(ASSERT (7L1 IS 7Ti: 7E/-.EY j.PC-SXAIL)) 

;assert that the baby is in a ne.ra.tive state 
(ASSERT (? EEAEOE 7E1 7i')) 

;and assert that the reason is ha by i E hungry 

(cckij ((equal m: 'past) 

(ASSERT (7i;s TEED PAST ST 71KE SbAhi ) )} 
((ASSET!' (?L2 PEED TUT ST 7PER 7LA1Y ))} 

:rocecne will feed the caty 

) 

(ASSERT (? SUE-ACT 7EOI-D 7L2)) 

(CCfD ((EQUAL ?TE 'TliT: (ASSET! (7 RESULT tt.2 ?P))) 
((ASSERT (7 T—EEEUIT 7i: 711)} ) 

(PUT—IU {£ ABY-GIVE-rOOL ?jv 7EAIY)) 



Infruts into htl - kettles ! 

As I rerticned earlier, I use net very happy with i\y 
progress in dealing with infants- It is true that I have 
written sore half cozer. i'i.JZOPIi's which culture et>i.e of t-e 
laiovledfe about infants in children sterica, iut I nr 

pessimistic about the goal of understanding all cr meet cf 
the knowledge listed at the beginning of this chapter, in the 
content of the code! discussed so far- Although it is 

possible to write programs which incorporate more of this 
information, I do not feel that this would be a fruitful 
approach at this time* So being in the context of hungry 
babies I decided to work cn baby bottles, feeling that in 

this siEpler area I night gain a better understanding cf the 

REliCh writing process- 





Lab- Bottle i 

Again the first step was tc write covn a summary of the 
information th&t I third: children Enow and probably u&c iikcn 
they understand st cries - 


Lescription of Eaby Hetties: 


Ealv bottles (thereafter called EL) came in a 
standard cisc and shape, "hey are a liquid 
container with a nipple on the end. Infants 
drink food iron HBe* Thin feed nay be milk, 
water, juice, coda, etc. In the case cf nilk 
(or formula) the LB must be earned to take 
the chill off the Dill. "he temperature of 
the ailk should lc tested (usually a few 
drops iron the on the wrist). Mother or 
Dad’prepares the bottle for baby in most 
cases* then the baby is hungry it will often 
lock for its IB or cry cut until it gets its 
L3 or some other loob. io get food cut Of 
the bottle you need to place the nipple in 
your mouth and tilt the bottle up so that the 
liquid cones Out, You ray also suck the 
nipple to heir get the food out. Squeezing 
the bottle also helps, especially if it is 
the soft plastic type. Generally the heavier 
the bottle the sore food that it contains. 
Many bottles are see—through so the 

liquid-level is apparent by inspection* You 
can also shake bottles to tell now much 
liquid they contain. If you hear a sloshim. 1- 
soiind that generally indicates that there is 
food inside, if you don't hear anything then 
it is probably er.pty. One assume & that after 
the food comes out it is inrested by the 
persen holding it cr by the hr by if someone 
is holding both a, baby and the bottle, "c 
put food in you need beth the liquid and the 
bottle. The nipple r^rt screws eff the top 
of the EE eo tlat it cen be filled by pouring 



in lieuid* ii are also ccrsi cored toys and 
can V-fi owned hy a baby* Thif ownership 
extends to the liquid contents of the H-* It 
in considered Lad dorr for asn older child to 
take one/or nice a baby^s Eb* 


E&liv Bottle DKIClin : 


licit wc have much of the knowledge about Til ths:t I think 
is necessary. In this case we can note that, although not 
very ssall, the description is not all that larpe. It is 
most certainly less complex than infant was* The important 
thin^ about ES is that they are r physical object with a 
single prirary Utility, that is, they are used to feed 
babies- Although they nay be used as toys or radii ern this 
is of secondary inr.ortence* Our first l£T-'OI , i will try to 
capture the fact that EE contain foed that infants try to .yet 
out- Suppose we have the following story fra ■-pent: 

{2*1} Dev id_sucked on his bottle* 

(2*fj* finally he beyan to .^d mi lie. 


Haw can ue snswer questions like: 

{2*?} V/fcat is in the bottle before Davie sucked? 

(2*4) How did David "Pt the calk? 

{2-d there was the rill; beicre Envid beyan to yet it? 
(2*6) Is the pill: still in the bottle? 



Tint story fra^ect above toes not explicil.Iy ansycr eny cf 
there erections* Per 2 rotar.ee it. 6cc.r. y.oi say, M David : uairo 
iiill. 1’rcEi hi£> bottle*" that we t.oee thc.s. is a DIIiGi: that can 
infer this information* The DILQj! that world help no r-nsucr 
these nueetions Iwl-s senetbiny like: 

A ' ■ 


(MITE EE-KAYEHFOQD 

(■HOLD ICTTIE PER 1.1 FCCD II) 

(?I. HAVE PR ST ?PEI 71 COD} 

;this is the rsttern \.e eg toft 
(DISTRICT? 7T0LTJ) 

(GCAL (7 IE PE ST TFOOIi IK*-BAII*fC0D)5 

; retire sure thet RCGD is a lierid babv food 
(GCAL (7 IS PR ST 7PEE SABI)) 

; ir.ske sure that PER is a l.ahy 
(IT-KEFD (7IH GET—FROM RUT ST 7PER 7L0T7LS ?RCC2)) 
;XI-riTED toes an ASSERT If the sts-teoent 
;is not found in the data base 
(IT-NEED (7 IE PAST ST 7I00P 71GTXLE)} 

(n -i-KTP (? ir pe rr i:ct ?iood ?eottle) ) 
l assert (7 t—result ?k wi ) ) 

;T-RESULT is e nredicate that rears 
; that the second fssertior; (pointed 
jut by the second aryvrent} it a 
^'trivial" rerult of the first assert!on 
;(nointed at by the first arninent). 

(APPLET (7 SUB-ACT TRCJD 7h1)J 


This DLlvjIi viovTi rave been nut dn bv a HAVE-EI-EAEE 
routine* This DEl-lCr- was ained r.t vnderstandiny t! e 


foliowir^ story frarEfints: 


(2.7) lavic rot hi? bed tie. 
he needec sore rilk* 

Fa vie sucked on the Elk 





f£-C) Jt was ff.odij:" tine. 

i iin:r css "iven Hr Tot. tie. 

I'e started to brink, 

(2,£) Zl_len was hur.■ tv, 

bother pave JlJen hei bottle, 

Che fot some nil!’. 

The Xil.GP rust assert the M ^e1:-frcir" intertior in the above 
case tut in the previous case (2.1 - 2.1) it. i.ill net have to 
do this but sirrle "put-in ,r the Eh-KAVE-TCCD PPliCr:, This 
DEECE viil also put-in several other lEEOi.s that are needed 
if the suck assertion results in the enrt^irj.p cf the SB, Our 
SUCK DE1-.0I-: 1 aolcs like this: 


(AXTX EL-SUCK 

.(EE- PEE rj 2.1 h£ (EC03 'S03u-EAT-X^ECOE)) 

(?h suck pf. st ?pit: vie) 

;this is the rattern ve match 
jll-IIEFE (mi OET-tEOij TUT ST ?PEP. ?BB 7FCCD)} 

(II—KEtD (V fTAiE Ffr ST 7PXF ?EF.)) 

;r.ske sure that the baby has 
I the haby bottle 
(ASSERT {Ti.2 SUE-ACT 7j ?K1 )) 

zsuclziu " 1 is a sur-action cf auttir.-- 
(AESLUlE ?rii 

(PUT-IK (EB-CUT-CF ?b ?PIP. VIBj 

(Bf^SET-ITVEL Vi; 7PEE ?BL) 

(, ElE—i. O-SIE-IETZL 7B VPER ?££} 

;put-in the necessary DXiXbs, 

J 


Pot" Jet us look at a very si-pie PLi-jOb which ucs rut-in 
by the previous PE .Oh but which would in fact be cut-in ty 
any PE-;Ci> that t.ifht result in the IX beinp 
oust lock somethinr like: 


out—of iced. 


^ t 




(ANTE Il-GUi-OP 

(KCLD I EH JI rCOD 3 M) 

;itt the above cast i.OCD v?culd be the assertion 
;number of the "si.ok Ill" i assert ion 
(71 Olfc-QF IE £T 7I00L TIL} 

jthis is the- pattern i.e match 
(DISTRICT? TnClD) 

(ASSERT (7 RESULT 7f ?j:0LD)) 

(IH;m) (7 EAT PfI ST 7PET: 7P0CD)) 


One of the facts that we knew about ID Is that we can 
tell hot lauch they contain by examination, that is we can see 
the level if we look* In this we can Infer that tl'.ere is 


something in the EE and froi; the.t this Las resulted. The way 
the model inchcates negation (with a 3."OX inserted in the 
assertion) rakes it necessary for us to have a sec end HEMCh 
for "hc-see-'S although the inf creation content should really 
be handled by one DEbiOl* few lets look at cur two It.iOiig: 


(at;te et-sel-le xel 

(liCLD I EE IE J: Hi TC) 

(?i. SEE ?TL £T ?TG VPE3.) 

;as in "She cculd see it was lilled" 

[EflEsTKUCT? Vi'iCj.D) 

;this DEM cay have been put in by a "suck 11 type 
jEC'iOL or by k "HAVE 11 EB routine 

(CCfD 

{(HUAI ?7G LEVEL)) 

jas in "he sav; it was filled to the 5 os* level, N ‘ 
({GCAL (? 11 ?Tl ST ?TC LIQtIF-iCOD))) 

;cs in "The silk coulc be seen-" 

({GCA1 (? IS ?Ti. ST ?X1. ?)) 

(Cf (COAL (7 Ii; 7Ti; ST 7XC 7El.) $S tT) 

g*f ™n) 

;us in "It was seen," 



(At'ITE El-KC-S^E-MfEL 

(KLD l'EE 1 . ill K 2 r jiG ) 

(?J, m. j?R SI EOT irEi ?TO) 

(DISXT.LCT? ?KOII:i) 

£CCIfD ((IDQCAL VTQ 7 SB) (KElQ 

?IG (KAEE-OLJ 'fOmiilKCj))) 

;the level in the m conIt not be seen 
((GCAL (? I£ PE SI 7TG IIQUID-ECODJ))) 
ses in n p£.vid didn't see any irili 
fASSEKI (?i.l lii PK SI i:OT 7TC 7123)) 

(A£Sm ln2 J3lPTY PP ET 7EE)) 

;nov v;e hnow that the EE is eir.pty 
(ASSERI (WPSLLT ?E2 In}) 

;ue also ino*? how t;e IxiOU that it is ercptj . 
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There are sore frets which mi phi Lore-, profitabj y be 
included in our knowledge of artf container , guc 3. as, when 
someone puts something into the container, then there is ti-ot 
something in the container* In the hi oust t-.e i i “Itt have 
something litre: 


(2,10) [[other got the IX, She put some mi It in it, 
or 

(2*11) Mother gave lad some milk. He put it in the bottle. 


We need to assert that the milk is in the lottle in the 
examples above* We also need to assert the relationship 
between this act and the ,f get IE" assertion. At sore later 
time we will have to consider whether we should have a 


FUME-EASE routine that lill generalize this idea* But 
getting bad; to the present case cI hi; we might write a hEi.Ci. 
which would look something Dike: 


(JUSTE El-IOCr-Ii! 

(KOI IE FIX Tt; n n) 

(?i vm-m rm sr (sf ?hjod (is-qej 

(lIQ-EABY-POOX) (SQhE))) ?BB) 

(DE5TRUCT? 

;?E0L! will point to the "set BE 11 assertion 
(AESEFl (?M Ik FUi 3T 71X1, 7 EE TiTQD)} 
fASSEE'i (7 SUB-ACT 7X01D ?E1 )) 

(cci;d ueqijax m 'tut) (assist (? eesult txi n;)}) 

UAIGEEi (7 MESULT ?X ?i;l))) 



When we have a statement like "he .nut A in i.% the fact 
e^tpresEEd by this EELOI. is tru< for isoft choices oi A end i. 
This is evidence, that ce should hove this fact in a base 
routine, lifts F 3 JT—Ilf-LASE, i'his routine will have to l.e 
complex enough to handle caste where the ’general fact" is 
not true* i&eur.pleo would te; "putting air in a flat tire", 
"putting a highly volatile liquid in an open container", 
"putting water into a sinh J \ etc, 

j f ov i or the last 51 DES-.Ol, th&t 1 wrote* i am trying t.o 
capture the fact that if a baby has the tottie that aoreone 
else just fot, we can infer that the person fsve it to the 
"baby- The baby having the bottle in this case also irplies 
that it will try to yet food from it* There is rise a 
question in my rjnd as to whether this ISiOL belongs to baby 
base or here in BE* It may interact with, the BABY BELCH on 
P^Tk 3 ^t ^aLY-GIVE-I GOD* The LEMGIf should handle, in any 
cane, the following story fragments i 


Mother rot the f_E. She pave it to the lab 1 /. 
2*1^J David rot his EL* 

2* 14) Esther rot David's ELL 

,r I want io give hire Lis food", he said. 


how for the Z'BL JC'jT: 


{ At IE BE—lv r AI l-ECOB 

(1-iCXD rEEt_PEE2 EB FOOL' i: 11 12 Tic) 

;?K3Ld nointe to the "ret i5E JI assertion 
(?i: KAYE ?UJ ST 7PES2 ?££) 
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fDEssmcr? tfoie) 

COAL If PH ST VFOOL LK-BAIY-lTOrO J 
GCAL {? IE PH EL TPEEX EA1-Y)) 

(coj-n t{W- inm.. tpef.i tiers n 

(h-kite (?i-:s cm to gt 

?PET1 SPIKE TI'OOLJ) 

, (ASSFFi- {? SLT-ACT ?i CJ.D ?i:2)) ) 

{ASSER3 (?L1 GI'T-Pl-.OI- TUI XT ?TER2 TEL TI-CCE)) 

(AX SETT {? SUB-ACT ?1H ?M)J 
{ASSERT (? SUE-AC? 7IOID ?].1)) 

) 



rimte f-tfitc label: 



be now try to construct a isodcl ir which roc'oc of 
behavior or eel*' conrancs are u: ed to fcrrnlize our knovUedrt: 
listed in the narap-rapb we used earlier to c escribe infante. 
Our assumption is that there is sone "abduct ive or^an" U-rt 
commits the entire cryaniSE to sr.y of a number of 


incompatible modes. 

It 

will not surprise 

us if 

further 

research indicates 

that 

this assumption 

is net 

true 

physiologically for 

an 

infant 1eh&vior 

because 

we are 


concerned here only with how adequate is such a rodel for 
understanding infants in children stories- be hypothesise 
that a model of how children think infants work would place 
the infant in any one oi a finite number of nodes* The nodes 
listed ih Table A axe a first attenpt at specifyin™ them. 
However t to handle all of the information we need, we will 
have tc handle such knowledge as coraes from facts about vhat 
an infant can not do, lor example, we aipht have the 
follow! n.z story: 


(6,1) Daddy cane home from the hospital with 
hethen and the new baby, 

(6,1) Grandmother made coffee and came for everyone, 
everyone that is, except the ’cabv. 


be coult' ash: 
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{6*.* 3 'r.'] v didn't she ral c ccff e£ 


ant ca: e 


frr 


t: ljfl.’r? 


Tlie answer, because it car/t «it them, error frer the fact 
that new tables can't eat coffee and cake* Vc could 


represent this I';/ saying t;xt tables do not have a 
"solid-food eat in-" state. It. the sore sense we know thft 

states like "roinp to school'*, "plapinp street paper "feed. 


oneself" . etc* will to of inf or ten ce in cur ays tc in because 


infants can net be then and older children do enter them 
often. As noted earlier much of the infernation neared to 


understand infants was of this fora. This corresponds to 
well defined modes that an infant can not achieve. Table £ 
contains a list of such modes. Entries that have a star nest 
zo them sire those that are probably irrelevant to 
understanding infants in children stories. 


Table a 


fear, anxiety (unstahility) 
sleep - rest 
eat‘- dr ini; 
unhappy - cry 
happy 1 smile 
so arc}. - eieralcre 
urinate - defecate 
locomotion 
sit - stand - lie 
disinterest {boredor) 
sucking 
hun.ro r 



labjf L 




clean — 

r-ot food - hint - work 
eat solid food 
fipkt 

nate* - fornicrte* 
five birth* 
mother yaunr* 
build hoce* 
an^r 
tail: 

greed — 0I1 y v 
laughter “euphoria 
hit ornate* 
surrender 
nlo. ,r 

Si V 


These tables Indicate the 3evel of behavior at which our 
ncdel is fined* Clearly, neurophysiological reactions, 
clinical reactions, etc*, ore not directly relevant to cur 
understanding cT infants behavior in children stcries. 
Theories about which neurons have just tired and the paths of 
si trials are not useful for understanding why sere ere dees or 
does t\o t do something in a story* he will now have to 
consider what particular behavior is possible fer the infant 
in each node* 

Kiiaer and fclardy use the terr "set^ to represent that 
behavior which takes place within a code. /, fet examples 
will servo to illustrate what ve re an ly "act", If a baby 
cora.itted to the searching rede sees two different toys, 
whether he poes to the first or second is an act decision. 
If he cores to any object. 


the decision as to whether to 



$! 


explore thst cbjet t cr continue Iiij search ir m. act 
decision, A ;■ ounr ini ant sec we J L o have the prerort- the t 


there aic relative]y feu acts 
Inis can he centres tuc vith 
hunting node nay he "staZLhin;;* 
herd of prey T running to the 
discing f'or race, and so on , 11 
detailed finite si ate nodel of 


associated nitf. r.,-ch i'.ctic* 
a.y a protro wolf ci o, in the 

lyinp in onrush, criviny a 

attach, refoinircp his pach , 
liov, let us loci: at a rsoic 
nfanta. 
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I ir.ite i tat* In: ant '• 

We will lisL the s tutus 5 : oilowed by ruler foi enterin': 
and leaving the sinto. V.e will then list eons of the acts 
which occur within each state* 

Sleep-deep 

If no sleep {4 cr 5 hours) and n h£ppj r " -> 
Ir sleep-deep 11 * If '’sleep-deep 11, and long tire yces by 
(Q to 10 hours) —> Tl slcep^roderate >r T ,r sleep-light", 
"awalre'h "Sleep-deep 11 end. very loud noise —> 

11 cry!ng-clsconfort"- "Sleep-deep 11 and low level tali 

"sleep-Lied er at s'L 11 Sleep-rode rate*' find yen tie 

rochi-> h sleep—deep”* Acta: l, L e don't really know 

if there are different ways for an infant to sleep 
(deeply, or anyway for that letter). he night 

however, consider the location where the infant ie 
sleeping as an act decision, with the alternatives 
teing crib, bassinet, carriage, etc, 

SI eep-rcc etu te 

If Tl slecp“r.cdemte M and low tall -> 11 sleep-light 11 . 
Acts: State as for "sleep-deep"* 



Sleep—If"hi 


If "sleep— iriodcr&ie 
"Bleep-light 11 and 
If »jsleej-1 ifht" a 


tr and jo 1 ,; tell. —> "slut-p—1 i ! "t 11 . If 
loud noise -> J| crying —discord'ort" * 
nd noiee -> ‘’a.ualie* * /.cts: Str-c ea 


far "sleep-doep 11 . 


Eating 

"hungry" and hts 1 attic with snilh -> ,, es..tiny TI . 
"Sundry" and mother's breast -> "eating"* "Hun.fr-" 
and sonecne spooning baby food into babies royth -> 
,r eating^. "bottle empty" -> "happy 1 ' 1 (st orach full)* 
"Eating and battle enpty -> 11 hungry", Tr cryinp-hunrpr^ TI 
(The choice depends on decree of hcnrar of tie infant 
and the arcunt Cl feed in the bottle when he started, 
l.ote* be could handle this "by raking several hungry 
Ei.ates, and speedfyin" the "state 11 ol the bottle, 
ranely "full", "half"* etc,). Acts: S«chln£ on 
nipple of bottle, suchie£ on mother's breast,, 
squeezing plastic bottle* 

Crying- irritat icn 

Irinrtinf —> "crying-irritation"- I.owel r.ovejter.s -> 
"cryinf-irritaticri". Sore one cfceasee diaper and 

powders -> "h£ppy' J . FIci:-up and Continuous auci tore¬ 
s'tict la ti on —> inhibits crying and enters "1:appy " for 
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liuitcd anomt of tine. Acts: tailing yeliirif t 
movement of tody and lids. 


Cry irp'-d is cc afor t 

lunching teethin™, i:jci.etf, shod;, pushed, overt!ret t 
picked up tjit i.tqu£ way, loud noise -> 
Tl crying-discoal ort ’ 1 * holding, s do thirty,, 

non—nutritive feeding, auditory stimulation —> 
11 happy* 1 -. Acts; Same as "crying-irritation". 

Crying-Lun^ry 

3!o food and A or 5 hours -> "cryins-hungry u * lottie 
with enough food -> fl happy"* Aon-nutritive sucking cr 
hot tie without enough food -> irliilits crying for a 
period of tire- Acta: frame as "cryins-irritation". 


Arul ous-uns table 

Any low level {snail amount) crying stimulus -> 
"anxious-unstable"* Unfamiliar surroundings, strange 
faces/ mother leaving alone -> "anxious-unstable 11 * 
toothing noise, mother rcturr.inr t pick-up -> "heppy". 
lack of sleep —> "anxious- unstable 11 . Acts: brown and 
look unhappy, prepare to cry* 
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Hapry 

Tull stOE&cfc and clean (iaper end j eve end affection 
—1 n happy ,r - Any of: urinating* bf, rairj lumper * 
loud noise -> type of cryinf (irritntior, discomfort, 
cr hungry)* ,f happy ,r and toys -> "rlfty"* Acts: 
£$niles* contented sounds* 

Play 

The sane "tajd." stimuli listed for chanfinp fro® 
"hapty” to a type- Of "cry" apply here also* Take away 
toy -> * 1 amdcus-unstable" * Acts: Follow objects with 
eyes* crawl* ^rasp objects* look or stsrc T shako or 
taste objects* 


shell also list, sore of the acts that occur with the 
baby bottle* depending cn whether its a late is lull or espt’ ■ 


bottle full: 


Urink till erpty {baby contented)* 

Ur ini; till enpty {baby crying for none) - 
Drink partially and baby sleeps* 

Drink till ernty and Caty sleeps- 
Laby di'Cps bottle* 

Baby throws bottle* 

Dalr' spills rilk on hircseif and environment* 
Baby plays with bottle* 

Unscrews cap and peers our rilk. 



Lottie er.pt y: 


Eaby cr^;s t 
Baby throws it 
Bain’ sucks cm 
Drop on floor. 
Play with it. 


euay. 
t anyway. 



Possiblr cnsi cnr. V 


One Ox the deficiencies o: the Ci nruini: it odd if: the 
implication that uc have tc te]l it tMn^s in lan Jayne like 
IXAbwfR in order to add to its In owled-^e T One r. i ~J t paropoce 
that the eolation is to write code for translate r.y 
declarative ntsterents into PI.AKIiEF. assertions and theorems. 
In this way, it is hypothesised, we can add to the prormr's 
lmowledpe of an area- however, there are several reasons why 
this is not sufficient- As the m-ofTs^ "understands" a story 
it is inevitable that it will run into phrases and words thst 
it does net know* This is especially true of children 
stories as they often try to teach children new things* Tor 
eic&rple air os t all of the stories that 1 have seen with 
infants in them try to teach the reader whet one trust do if 
they have a younyer brother or els ter. This teaching nature 
of children stories rakes re feel that learning should flay a 
part in our "understander"* Ins Charnislc ays ter doer not 
learn and it is net clear how we would yc about rakiny it 
learn. There arc several reasons why learning is important, 
most of then are obvious ant need no mention* 

Stories are not perfect* A story that was written by a 
huesn. is libel; tc be irjerfect, after all, hvrmiE are? 
fallible- ilen we read real liio stories we often find a toys 
SiistiJV-, inconsistencies, in the tine frame, errors due 



to the suthorns lad cf InoiJ 
oye ■'em mst have serf way tc 


ed - e- T a;-. a nit-: lid- cu t ^ i on * TJ e 
urcerstand there 11 ri ±i^e- for vhrt 


they are, v.hilc still reivrj:.y to 


"till eve 11 cccur3reiiff.£ cf 


their. Urev: hclherr ott* ir. his l^ctere thesis prorosaJ.-, 
pro poses or approach to solvin.y tore, oi these rroTIerr, 
CharnieJ: can not 1c fruited for not tryiny to solve the 
"adding interna, tier;" probltE* tut i/e rust stiJX ash whether 
his rod cl is suited for its solution- At the present staye 

of dvvcloprent of the Ckarniah roc cl we are not forced to 

worry very ruch about this proller, hit eventually ve rust 
consider the advantages: and CO fits cf adding nev. infcxration. 

In its present forr it seerc that it is rot very well 

suited for raking a learning- syrter- Inis rears singly that 

we are forced to do all of the work when we want to add 
knowledge tc the systen- V.'e should point ort that the systsa 
doer "learn" when it reads & rarticular rtorj. that is, if 
the story sayfi that ''Sally is an infant"* it will act 
accordantly. If we ashed the s ye ter. whether Sally vas a tatv 
it would answer "yes"* however once it has finished with that 
story and has pone on tc another or.e* there is no carry over 
cf inf nr nation about anything- It assures that there is no 
relationship between characters or events froi one story to 
the next* So even though it night "learn 11 in cne rtory* it 
docs net at tear t tc rererter pact the inner late story. V'e 
sec here that the real Tronic r. cf learning in ret rakinr use 



of immediately useful inforrstinn, but decidin' what fe 
inner tant or -renerd enough to la:ep and vhvt rhoifld ie 
flushed* One coult conceive* toss; ICLy, of a syctei, thrt ues 
nrofTarj.ee to understand inf arts which ccuia then 
itself to understand tiddlers after beir.r riven en 

explanatory story* To be able to do this voulc Kean that re 
have sene way to distinguish between iacts that re rant to 
maintain as part of our ’'improved 1 ' system (i*e* Toddlers can 
eat solid food if at is cut up into snail piece? for them*) 
and facts which should be flushed after underetarding the 
points that they illustrate (i.e. Jane ate sore of the race 
and a few pieces of the steal: alter hotter cut theta for her.) 
Since ve don't know hot: to decide such matters [we know so 
little about learning), the best strategy at this taae is 
probably to ignore this proiler, now. Part of the problem nay 
evaporate when we l:now sore ebout DEKOK construction and 
DENCft PD[Oli interaction but this regains to be seen- 



jjftt have Wo Lcma: 

i* 

The primary question te nust co. curs elver rev in "bbnt 
have I letmeti about the pioeecs cf writ in™ ElifCf sY TI . 
Another question cue ray pose 15 "To ubat extent vas it 
easier to write a DILOi: after writing £ few?", I tn afraid 
that I was net able to find any significant prof rear with 
latter IH-IOEe over earlier oner, however, this ie because 
the latter DEIiOIis that I wcrled on here were about vtiv 

i> 

different sorts of things. If I wore to sit down after the 

experience described here end try to write DLlOn:: for 

toddlers or r.ill: bottles then the answer to the question 
posed earlier would have been very different* It seem to re 
that there are classes of HETDirS that heve sicilor structure. 
SO, it is easier to write IHjOIs when they fit into the care 

clat-s, but it also seers that when we ore for cod to uorl cr 

very oilfertrjt sorti of *:noi ledye we find the trsl: of wilting 
new fEKtils r.o easier then when we started. 

This points to classliication as t starting point which 
is tiie lowest level of the larger problcr of structuring 
knowledge* Container* cf hard objects, liquid containers, 
etc, , cfl have sore thine in corr.cn which mi-res the writing 
of, say, niIk—bottle cr ccoliit. jar DLi-.Cfs sliyhily easier 
after writing IiLKCfs for ±~£ (pirgy lanhj or EE*' Perhaps this 
indicates .that we have written cur LllCbs or the. wren; level 



$1 


of ^Jicrallsatien* There ig note rear or tr expect t j at : c 
wilJ. need several tj'pec of ^ELCi's. be rrcbably need i lit ;.' 
type for acts C.f net Lin. or physical facts, Ii. fact vl.at iu 
jnoy need it a classification othere 1 or LL'iiOI.s* '.:l cn we 
exEirine Lev other people write LEi-jOLs fer lany c liferent 
topics we at 7 hr ye duet as to the level q1 ^eralisation \:c 
want* 


I relieve that we need tetter structures icr Ir.owledfe 
and that writing; HU-LOLs is a reasonably foot strategy Per 
petting ideas about structuring knowledge* At this tine re 
aren't even 500 c at classification* V. r e dor/t linow very rsuch 
sbovt the PLj-iOIJ writing process at this tist. Lore uorL will 
have to be cone writing PELGls* 
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